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[57) ' ABSTRACT

A motor provided with a magnetic fluid bearing device for
suppressing vibration and irregular rotation as well as pre-
venting the magnetic fluid from being scattered from a
bearing portion and the inside of the motor. The motor
includes a rotor having a polygon mirror mounted thereon,
a stator unit having driving coils, a rotor position detector
and a rotor revolution detector attached thereto, a magnetic
fluid bearing unit having a magnetic seal and a dynamic
pressure seal attached thereto and a magnetic bearing. A
triple seal structure for magnetic fluid which includes a first
fluid seal constituted by the seals of the bearing unit, a
second fluid seal constituted by a magnet of the rotor and a
third fluid seal constituted by a magnet of the seal magnet is
provided in the motor.

13 Claims, 6 Drawing Sheets

!

[l
»
a
S

N
Qi

51 A



-~ U.S. Patent Feb. 20, 1996 Sheet 1 of 6 5,493,161

FIG. |

| 2
”|2 1 A . 3 5

r/l/ﬂ{i{ﬁi i‘i’lgr;
a2l N e s
/// Q/:‘" ﬂ-—"ﬁ’,/l,-a
ANA T

" f\ i %, éﬂ

=, 7, éﬁ
-n’ 4% 2

0
FIG. 2
w2 '3 2

27707 AN i \ II’IA

'ﬁ/_" ?g\f% AN A-Ff-..-& !

g Z L 1-'1
) = AN l l.

X3 ~1/ %

, l‘!&\l\( \\{\\\\\i NN\ .“4

g0 M _ e a9 4




U.S. Patent Feb. 20, 1996 Sheet 2 of 6 5,493,161
FIG. 3

7

77
g
Z




-~ US. Patent  Feb. 20, 1996 Sheet 3 of 6 5,493,161

| | ' C o
ZZ TSN N2z (6

; / - :

WSS vV
0 | | 15 9 8




U.S. Patent  Feb.20,1996  Sheet 4 of 6 5,493,161

"‘? 145? Wil
\ &\\N&gﬁuﬁ A.
O

37 4 2
31 5g 98 24

N
' T

4
29

FIG. 7

_ _ 5




U.S. Patent Feb. 20, 1996 Sheet 5 of 6 5,493,161

F1G. 8
a6 1D, 102
114 ?‘““‘“&‘:}\ AOISSSISEYY (o)
) > ag;;\g", 22
13} “\JSEVJ\VI'II‘
I, -l: ‘% I"" ? WII;“ ,
05 !"‘_H!El% z\§ é.’.‘-_:’ 1
— V=2
=NNEe
NN NATTA- 0
12 l"m\\ \.\mﬁ'“’
<=5 105 §*ﬂ ﬁ\ 110 ’

106

07
FIG. 9
04
7oA IR

. \
18 N g% 19

2 \




U.S. Patent Feb. 20, 1996 Sheet 6 of 6 5,493,161

FIG. 10

14
' 19,116 02

Q\“.\\\\\\\\\VNNA\\\\ ‘
)

0 % xR | 122
- N WIIA”///_‘_,‘:‘%’,:\'J”III, 2l

- ‘\‘\\ RS I8
' N e 13

IIIIIA’,

TN
A ; l
'Wz / -
N

RN

O
AN
-
]
.
i
O
u

LN N N

1

N

/7

6
=
L

O
O

O

WO

E
T

7 T L LLLLL
CANNNANN

i
Sy,

=== \.’4__. ‘:.,//:' 1A




5,493,161

1
SEALED MAGNETIC FLUID BEARING FOR
POLYGON MIRROR DRIVE MOTOR

This 1s a continuation of application Ser. No. 07/692,662,
filed Apr. 29, 1991 now U.S. Pat. No. 5,325,006.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a motor or a polygon
mirror drive motor which drives a polygon mirror for beam
scanning, and more particularly, to a motor provided with a
magnetic fluid bearing.

2. Description of the Prior Art

In high speed motor such as a beam scanning polygon
mirror motor of a laser beam printer, it has conventionally
been necessary to support a rotary body by a bearing of
small friction loss for the purpose of realizing high speed
rotation with low vibration, and it has been customary to
bear loads in the radial direction by a dynamic pressure

pneumatic bearing and loads in the thrust direction by a
magnetic bearing.

For example, Japanese Patent Unexamined Publication
No. 61-157820 discloses a dynamic pressure radial bearing
~ between a rotor and a frame body and, in order to quickly
suppress vibration caused in the rotor due to a disturbance,
a closed air chamber and the open air are communicated
with each other through a small hole.

In the above prior art, vibration due to disturbance is
suppressed by forming the small hole in the closed air
chamber so as to accelerate the damping of vibration or by
preventing collision of metallic members by using a damper.
However, this measure is mainly intended for the vibration
in the thrust direction during the operation and the distur-
bance in the radial direction and contact of the radial bearing
~at the time of starting and stopping are not taken into
consideration, resulting in a possibility that powder pro-
duced by abrasion due to contact in the bearing portion
damages the mirror or bearing seizure occurs.

Further, in order to realize the high speed rotation with
low vibration and less irregularity of rotation, it is essential
to improve the dimensional accuracy of manufactured parts
such as shaft and bearing individually, but this is not
sufficient alone.

In other words, it has been often experienced from the
standpoint of, engineer that, however, high the dimensional
accuracy of each individual part may be improved, change
of the ambient temperature or the like will adversely affect
the combined accuracy of the individual parts, thereby
resulting in a generation considerable vibrations.

SUMMARY OF THE INVENTION

Object

In view of the above points, a primary object of the
present invention is to provide a motor which is capable of
withstanding highly frequent starting and stopping and of
rotating at high speed stably with less vibration.

A second object of the present invention is to provide a
high speed motor which rotates with less vibration and low
irregularity of rotation and which is free of imbalance in a
rotor of a pneumatic bearing motor and a service life similar
to a ball bearing motor is achieved. |

A third object of the present invention is to provide a
motor which rotates with less vibration and irregularity of
rotation by reducing the pressure of bearing portion.
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Summary
The pri

ary object can be achieved by

(a) using a magnetic medium as the fluid of a fluid bearing
unit having an opening at one end thereof and provid-

ing a first seal in the opening so as to prevent leakage
of the fluid.

(b) forming a second seal by inserting in the bearing unit
a cut rotor which has a motor magnet attached on the
other side thereof, a polygon mirror attached at the top
thereof, and a rotor magnet of a seal magnet disposed
between the motor magnet and polygon mirror, and

(c) arranging a stator of the motor oppositely to the motor
magnet and forming a third magnetic fluid seal using a
stator magnet of a seal magnet disposed oppositely to
the rotor magnet of the seal magnet.

Further, the motor magnet and the rotor magnet of a seal
magnet are united in the form of a double cylinder with the
moior magnet being oriented in the radial direction and the
seal magnet magnet being oriented in the thrust direction,
and then combined with the support member of the magnet
by insert molding.

Moreover, a second object of the invention can be
achieved by the arrangements that radial loads are carried by
a static pressure type radial fluid bearing and thrust loads are
born by a seal magnet, and component parts of the rotor
section are fastened by shrinkage fit for the purpose of
preventing any vibration from being caused due to distortion
of the rotor during the operation.

In addition, improvement of the ON-OFF lifetime can be
achieved by the arrangements that a magnetic fluid of a

higher viscosity than air is sealed and outflow of the mag-
netic fluid is prevented by seals.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a vertical sectional view of an inner rotor type
motor;

FIG. 2 1s a vertical sectional view of another inner rotor
type motor in which a stator unit and a bearing unit are

unified:
FIG. 3 is a structural view of a motor magnet;
FIG. 4 is a vertical sectional view of an outer rotor type

motor;

FIG. 5 i1s a vertical sectional view of a surface opposed
type motor;

FIG. 6 is a vertical sectional view of another embodiment
of the present invention;

FIG. 7 1s a bottom view showing a magnetization pattern

of a revolution detecting magnet used in the embodiment
shown in FIG. 6;

FIG. 8 is a vertical sectional view of a scanner motor
according to the present invention;

FIG. 9 is a vertical sectional view of a bearing device; and

FI1G. 10 1s a vertical sectional view of a modification of
the scanner motor shown in FIG. 8.

DETAILED DESCRIPTION OF THE
INVENTION |

Description will be given below of preferred embodi-
ments of the present invention with reference to the draw-
ings.

FIG. 1 shows an embodiment that utilizes an inner rotor

type motor. A shaft 1 and a support member 2 are fixed to
each other by shrinkage fit, and a motor magnet 4 and a rotor
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magnet 5 of a seal magnet are formed by insert molding on
the outer periphery of a cylindrical portion of the support
member, and a polygon mirror 3 is attached to the top
portion of the support member, thus forming a cup rotor unit.

Stator coils 8 are attached to a housing 7, a stator magnet
of a seal magnet 6 is set at one of open ends of the housing,
and a position detecting element 9 is arranged at the other
open end of the housing in such a manner as to face the

- lower part of the motor magnet 4, thus forming a stator unit.

An end bracket 10 1s formed with a cylindrical portion
10A in which bearings to be described later and a magnetic
fluid are to be inserted and filled. Radial bearings 11 are set
in both opening portions of the cylindrical portion 10A, a
dynamic pressure seal 12 and a magnetic seal 13 are set at
an opening end at the top, and a cover 14 is attached to the
other opening end at the bottom. A magnetic fluid 15 is then
charged to thereby form a magnetic fluid bearing unit.

Thereafter, the magnetic fluid bearing unit 1s fixed to the
stator unit, and a shaft of the cup rotor unit is inserted
through the opening end of this assembly, thereby forming
a polygon mirror motor. |

FIG. 2 shows a modification of the polygon mirror motor
having the structure shown in FIG. 1, in which the stator unit
and the magnetic fluid bearing unit are unified for the
convenience of mass production.

Operation of the present invention will be described
below.

As the shaft 1 of the cut rotor unit 1s inserted into the fluid
bearing unit, the rotor magnet 5 and stator magnet 6 of the
seal magnet which are magnetized to have opposite polari-
ties in the thrust direction are brought into the attracted state.
This attractive force in the thrust direction, if it is set to be
greater than the dead load of the cup rotor unit, can make the
seal magnetic bearing fioat in the magnetic fluid of the fluid
bearing unit even if the seal magnet reaches a high tem-
- perature during the operation of the motor.

Therefore, upon the application of the driving force to the

cup rotor unit, the shaft 1 and the radial bearings 11 rotate
smoothly without causing any contact owing to high rigidity
of the fluid. Then, as the number of revolutions is increased
gradually, vibration 1s increased due to residual unbalance in
the cup rotor unit, and however, the shaft 1 and the radial
bearings 11 can be prevented from coming in contact with
each other so far as the out of roundness in both parts is set
at about 1 to 2 um.

However, if a clearance between the shaft 1 and the radial
bearings 11 is large, the cup rotor unit suffers the precession
to increase the inclination of surface of the laser beam
reflector of the polygon mirror 3, resulting in the picture of
uneven quality at the time of actual use and, hence, inca-
pacity for use as a laser scanner of the laser beam printer.
Consequently, the above clearance 1s designed to be about 3
fo 5 um.

In case that the posture 1s maintained vertical during the
operation of the motor, there arises no problem in terms of
vibration, and however, vibration of the shaft 1 causes the
magnetic fiuid 135 to come up along the shaft 1 to flow to the
inside of the support member 2 or to be changed into vapor
due to high temperature during the operation. To prevent this

phenomenon, the magnetic seal 13 serves to hold the mag-

netic tluid 15 which is coming up and the dynamic pressure
seal 12 serves to push back the magnetic fluid 15 downwards
as viewed 1n the drawing as well as to reduce the evaporative
area, thereby to prolong the lubrication lifetirne of the radial
bearings 11 and suppress the increase of the bearing loss
attributable to the increase of viscosity.
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If the magnetic fluid 15 should flow out of the fluid
bearing unit to stick to the inside of the support member 2,
it would go down by gravity and move radially by centrifu-
gal force so as to stick to a portion A constituting the lower

end portion of the magnet 4 which serves as a second seal.
Part of the magnetic fluid 15 which overflows the portion A
is scattered to a portion B in the motor by the centrifugal

force. When the magnetic fluid thus scattered to the portion
B in the motor and changed into vapor will go outside the
motor, it is caught by the stator magnet 6 of the seal magnet
which serves as a third seal so that it 1s prevented from being
scattered toward the polygon mirror 3. Therefore, the
present invention provides a motor having a triple seal
structurce.

FIG. 3 illustrates a motor magnet 4 and a rotor magnet 5
of a seal magnet which arc formed as a umt body.

The motor magnet 4 is magnetized to have a radial

- magnetic field pattern so as to obtain a strong magnetic field

in the radial direction. The rotor magnet 3 of the seal magnet
S which is magnetized to be oriented in the thrust direction
is in the form of a coaxial triple cylinder and the outside
diameter of the thrust oriented portion of the magnet is made
larger than the outside diameter of the radial oriented portion
of the magnet. It 1s noted that arrows indicate the directions
of magnetic ficld orientation.

Then, the support member 2 is formed by insert molding.
This makes it possible to reduce the assembling time and
initial error (unbalance) of the rotor unit and to reduce the
time required for the unbalance correction in the succeeding
process. It was experimentally determined that the imtial
error concerned was about 2 to 5 mg-cm.

The magnets 5, 6 of the seal magnet may be arranged at
any position in the motor so far as they serve only to float
the rotor unit; however, from the viewpoint of sealing of the
magnetic fluid 18§, supporting of the rotor unit and suppres-
sion of radial vibration, the magnets 5, 6 are arranged
beyond the sphere of the radial bearings 11 with an increased
coaxial accuracy so that the apparent bearing span 1s elon-
gated, thereby assuring the further stabilization due to the
radial supporting force of the seal magnet.

An outstanding feature of the outer rotor motor of FIG. 4
is that, since the powerful motor magnet 4 is located inside

~of the support member 2 and a powertul second seal 1s also

achieved so that the magnetic fluid is prevented from going
outside the cup rotor unit. However, even 1f the magnetic
fluid could leak to the outside of the cup rotor unit, since a
third seal 1s formed by the interaction between the rotor
magnet 5 of seal magnet and the stator magnet 6 of the seal
magnet, no leakage takes place; therefore, the polygon
mirror can be prevented from being stained.

In a surface opposed motor of FIG. §, the magnetic fluid
almost sticks to a portion C of the motor magnet 4 so that it
1s nearly prevented from leaking to the outside of the rotor
unit. However, in this case as well, leakage of vapor is
further prevented by the magnets 5, 6 in the same manner as
described in connection with FIG. 4.

By utilizing a magnetic fluid as the fluid of the fluid
bearing, the rigidity of the bearing is improved. As a result,
the rotor is well balanced, so that the rotor shaft in the fluid
1s prevented from contacting metallic portions of the radial
bearings therefore, the shatt and the bearings are free of

- abrasion even 1f starting and stopping are repeated, thereby

resulting in an ON-OFF service life of the motor being
extended.

Further, since a lubricating oil used as the base of the
magnetic fluid has a far higher viscosity than air, the rotor is
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hardly vibrated due to disturbance and, if the rotor is
vibrated, vibration will be diminished quickly.

In order to maintain such an effect, a magnetic seal
provided by magnets and a dynamic pressure seal operative
to push in the magnetic fluid to the inside of the fluid bearing

when the motor rotates are set at the opening end of the
magnetic fluid bearing, so that the magnetic fluid can be

prevented from leaking out when the motor is, for example
reversed.

In addition, in case of leakage, the magnetic fluid going
out along the inner side of the cup rotor is made to stick to
the rotor magnet which serves as the second seal.

'The magnetic fluid passed even through the second seal is
attracted to stick to the stationary part, in particular, of the
seal magnet which serves as the third seal. In this way, the
1agnetic fluid 1s prevented from adhering to the polygon
mirror motor to reduce the reflecting power of the laser beam
owing to the triple seal structure.

Moreover, since the seal magnet is arranged in the vicinity
of the center of gravity of the rotor, it supports naturally the
dead load of the rotor in the thrust direction and generates
supporting forces in the radial direction as well, thereby
suppressing the radial vibration.

As shown in FIG. 6, driving coils 19 wound on iron cores
18 are attached to a housing 20 so as to form a driving coil
unit. A position detecting sensor 21 and a printed board 22
printed with a revolution detecting coil pattern are provided
and radial bearings 23, 24 are fixed to a bearing support
member 25, with a dynamic pressure seal 27 being arranged
on a side of an air pocket 26. A magnetic seal 28 is arranged
on the outer side of the dynamic pressure seal 27, with a
being cover 29 bearing attached to close an opening end
opposite to these seals. A prescribed gquantity of magnetic
fluid 30 1s poured into the bearing portion, thus forming a
seal combination type magnetic fluid bearing.

In addition, a magnetic thrust bearing magnet 31 is
arranged on the bearing support member 25 in such a
manner so as to be opposed to a revolution detecting magnet
and 1s set at one opening end of the above driving coil unit,
thereby forming the stator section of the motor.

Subsequently, a collar 32 is shrinkage fitted on a shaft 33,
a motor magnet 34 and a revolution detecting magnet 35 are
shrinkage fitted thereon. A polygon mirror 36 is shrinkage
fitted on the collar 32, thereby forming the rotor section of
the motor.

Then, the rotor section of the motor is inserted into the
seal combination type magnetic fluid bearing in the stator
section of the motor, thereby forming a polygon mirror
motor.

As shown in FIG. 6, in the seal combination type bearing,
radial loads are carried by the radial bearings 23, 24, and
thrust loads are carried in such a manner that the revolution
detecting magnet 35, having a magnetization pattern in
which a multipolar magnetized portion for revolution detect-
ing, is located on the outer side and a magnetized portion,
serving as the repulsion pole of the magnetic thrust bearing,
is located on the inner side and is shrinkage fitted on the

collar 32 so as to provide one of magnetic thrust bearing
poles.

The magneticthrust bearing magnet 31, serving as the
pair to the above pole, 1s fixed by bonding to a setting groove
37 formed in the bearing support member 25.

Then, the repulsion surface of the magnetic thrust bearing
magnet 31 1s substantially flush with the detecting coil
pattern surface of the printed board 22.
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Since the gap in the thrust direction can be adjusted in
accordance with the intensity of the magnet of the seal
magnet, the gap between the revolution detecting magnet 35
and the printed board 22 can be maintained properly and
uniformly and the revolution detecting voltage is maintained
nearly constant as well, thereby resulting in the construction
of high electrical and mechanical reliability.

It goes without saying that the end face of the shaft 33 of
the rotor section is always maintained out of contact with the
bearing cover 29 as shown in FIG. 6. Therefore, vibration
and loss are reduced as well as no precision parts are needed
in the thrust direction of the bearing. This contributes to
reduction 1n production cost.

Reference numeral 38 denotes a thrust space existing at -
the lower end portion of the shaft. |

Further, by bonding the printed board 22 and the magnetic
thrust bearing magnet 31, it is possible to prevent dust from
rising from the end face of the printed board, thereby making
it possible to prevent the polygon mirror 36 from being
stained.

Moreover, it has been known and was confirmed experi-
mentally that change in vibration during the operation is
attributable to the change in unbalance of the rotor section.
Therefore, in order to prevent constituent parts of the rotor
section from being displaced in the radial direction, the
alominum collar 32, having a high coefficient of thermal
expansion, 1s shrinkage fitted or warm fitted by heating on
the shaft 33 of SUS having a small diameter so as to prevent
any deviation from concentricity at the time of change in the
temperature. The collar 32 and the polygon mirror 36 are
1ade of materials the physical properties of which are
substantially equal to each other for the purpose of restrain-
ing the angle of reflection of the laser beam from being
abruptly changed due to deformation of the mirror surface.
Additionally, in order to prevent the accuracy of fitting
resulting in the deformation of the mirror surface, the collar
32 and the polygon mirror 36 are worked with out of
roundness below 2 um or so and subjected to shrinkage fit,
thereby preventing the polygon mirror 36 from being dis-
placed in the radial direction at the time of change in the
temperature.

Fitting of the motor magnet 34 and revolution detecting
magnet 35 on the collar 32 is performed by a shrinkage fit
with the use of plastic magnets having a larger coefficient of
thermal expansion than the collar 32, thereby preventing any
radial displacement attributable to temperature change.

In order to reduce the loss due to viscosity, the fluid 30
used in the seal combination type magnetic fluid bearing is
prepared by stirring a mixture of a metallic lubricating oil of
low viscosity and fine ferromagnetic powder the particle size
of which is less than 0.1 pm and which has a size and shape
incapable of being precipitated in the liquid.

Consequently, since the fluid 30 is not a high viscosity
lubricant such as ball bearing grease but a liquid lubricant,
there 1S no possibility that the torque load of the bearing is
changed abruptly by the rotation of the shaft and, further, the
shaft 1s supported by the bearing through the oil film unlike
a pneumatic bearing in which a shaft is maintained in direct
contact with bearing constituting members when the motor
1s stopped. Accordingly, there is no possibility that the
bearing and shaft are subject to abrasion during a turning ON
and OFF to increase the clearance and, hence to increase the
rotational vibration and irregularity of rotation, with the
result that it 1s possible to continue smooth rotation.

In the manner described above, it is possible to provide a
polygon mirror motor with a longer ON-OFF service time
than that of a motor in which a pneumatic bearing is used.
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The fluid bearing serving as means for reducing vibration
and irregularity of rotation utilizes a fiuid which contains a
similar substance to a lubricating oil as its main ingredient,
so that a film far stronger than air 1s formed between the
bearing and the shaft. Consequently, there are no possibili-
ties that the bearing and the shaft is come into metallic
contact with each other due to vibration of a main body as
1§ the case of a pneumatic bearing, and that the torque loss
1s changed abruptly due to change of the rolling surface and

tumbling of the grease as in the case of the ball bearing. As
a result, the fluid bearing can operate in such a manner that
as the viscosity of the fluid i1s changed gradually in accor-

dance with the temperature change, with the torque loss of
the bearing also being changed gradually.

For example, concerning the polygon mirror motor of
15000 rpm, the period of one revolution is 4 mSEC and,
hence, the change of number of revolutions is in the order of
mSEC. However, the change of viscosity of the fluid due to
self-heating takes place in seconds or minutes, which change
falls in the range in which the number of revolutions can be
controlled sufficiently by a controller. As a result, there is no
possibility that the irregularity of rotation deteriorates.

However, if the end face of the shaft comes into contact
with the stator section due to its own weight, a seizure will
occur, In order to prevent this phenomenon, a thrust bearing
1s provided; however, vibration occurs which is proportional
to the accuracy since the thrust bearing is a contact type
bearing.

To cope with this, the revolution detecting magnet is
given both the revolution detecting magnetization pattern
and the magnetic thrust bearing use magnetization pattern as
in the prior art, and i1s arranged in the rotor section so as to
be opposed to a magnet of a repulsion magnetic thrust
bearing disposed in the stator section. As a result, the rotor

constantly floats, so that the vibration, noise and bearing loss
can be reduced.

The change of vibration during the operation 1s attribut-
able to the increase of the unbalance of the rotary body
which results from the change of the concentricly of the
mirror and the shaft which are fixed to each other by spring
or bonding due to a temperature increase or from the change
of the concentricity of the magnet and the shaft bonded to
each other due to temperature rise.

To cope with this, by fixing the mirror and the magnet to
the shaft by a shrinkage fit, there is no possibility that the
mirror and the magnet are displaced due to temperature rise
and centrifugal force during the use. As a result, there is no
change in the unbalance during the operatlon so that the
change of vibration can be reduced.

The liquid bearing used as means for improving the
ON-OFF service life is far greater in the film strength as
compared with the pneumatic bearing, and therefore, the
radial bearing and the shaft can be prevented from coming
into metallic contact with each other both at the time of
starting and during the operation.

As a result, since the bearing and the shaft are free from
abrasion, the clearance between the bearing and the shaft is
never increased and, hence, there is no increase in the
inclination of the surface of the polygon mirror nor an
increase in the vibration.

As shown in FIG. 8, a rotary polygon mirror 101 is
pressed lightly against a rotor 103 by a stud 115 through an
elastic member 116 so as to be mounted thereon. A shaft 102
1s press fitted in the center of the rotor 103 and is rotatably
supported by bearings 10§ built in a bearing case 106. A
magnetic fluid seal 104 prevents the lubricating oil of the
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bearing 105 from being scattered. The rotor 103 is driven by
a motor rotor 109 constituted by a permanent magnet fixed
to the rotor 103 and an armature 108 arranged around the
motor rotor 109 oppositely thereto for serving to generate
the magnetic field. The number of revolutions of the rotor
103 i1s controlled in accordance with the magnetic flux
change in a multipolar magnet ring 110 using a hole effect
device (not shown). The scanner motor having the above
construction is in the form of a closed chamber which 1is

defined by a motor case 111, a mirror cover 114 and the
bearing case 106, and is sealed up after air is exhausted from
the interior of the chamber through a sealing pipe 112 by the

action of a vacuum pump (not shown) to reduce the pressure

- to a suitable level.

In operation, the laser beam is made to be incident
through a panel 122 which is made of a flat glass sheet for
the purpose of permitting incident and reflected laser beam
to go straight on therethrough. Further, as for the elastic
member 116 used in mounting the rotary polygon mirror 101
for serving to prevent the mirror from being deformed, a leaf
spring can be used.

With the scanner motor conducted as described above, the
temperature of the rotor 103 increases due to heat generated
at the time of high speed rotation, so that heat is transferred
from a mounting surface a to the rotary polygon mirror 101
sO as to heat the latter. Since air is rarefied due to pressure

reduction within the motor, the rotary polygon mirror 101

cannot clean itself by rotation as in the conventional scanner
motor, resulting in a substantially uniform temperature dis-
tribution. This means that radiation cooling dominates.in an
environment of reduced pressure, so that the cooling effect
is less as compared with the radiation in the atmospheric
condition, and therefore, the constituent parts attain the
uniform temperature. Consequently, since the distribution of
temperature of the rotary polygon mirror 101 is uniform,
there is no heat distortion as in conventional constructions.
Further, since the motor is rotated with the pressure of its
interior being reduced, there is no windage loss due to rotary
parts and, hence, the motor consumes very little electricity,
and since the loss of electricity of the motor is reduced in the
environment of reduced pressure even if the radiation is
insufficient, the temperature of the rotor 103 is not raised so
high. In addition, since the fluid resistance exerted on the
rotary polygon mirror 1s negligible in the environment of
reduced pressure, there 1S no unstable vibration attributable
to the force of fluid. As a result, it 1s possible to maintain the
stable rotation without using the bearing of so high rigidity
as the bearings 105 which support the shaft 102.

FIG. 9 shows an example of the bearing unit. A magnetic
fluid seal 104 constituted by a permanent magnet 117 and
pole pieces 108, radial bearings 119 and a thrust bearing 120
fitted in a bearing retainer 107 are incorporated in the
bearing case 106 so that the shaft 102 is supported rotatably.
A magnetic fluid 121 is used as the lubricant of the bearings
119 so that, even if the magnetic fluid 121 is scattered due
to rotation of the shaft 102, the magnetic fluid 121 is caught
by the magnetic fluid seal 104 so as not to stain the outside.

- Further, the pneumatic bearing used in the conventional
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scanner motor 1s a dynamic pressure group bearing having
a diameter of about 15 mm; however, since no unbalanced
force 1s exerted on the rotary polygon mirror due to stirring
of the fluid in the reduced pressure environment, it is
possible to use a cylindrical bearing having a diameter of
about 4 mm, resulting in attainment of inexpensive bearing
device and compact scanner motor.

Such scanner motor may be subjected to pressure reduc-
tion and sealing one by one, and a large number of mass-
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produced motors each assembled as shown in FIG. 8 are put
in an evacuated closed container to be subjected to the
pressure reduction by using the vacuum pump and, then, the
tip end of each sealing pipe 12 is closed so as to maintain the
intertor of the motor airtight. Sealing device for the sealing
pipe 12 1s attached to the evacuated closed container so as

to be operated to seal the pipe after the pressure is reduced
to a suitable level.

FIG. 10 shows another embodiment equivalent to that
shown in FIG. 8. As the speed of rotation of the motor
becomes higher, the iron loss of an armature core 108A is
remarkably increased remarkably to increase the tempera-
ture of the motor. For this reason, in the construction shown
in FIG. 10, the armature 108A is arranged around the motor
case 111A so as to cause the heat generated by the armature
108A radiate directly into the atmosphere. This arrangement
makes the gap between the armature 108 A and rotor 109 of
the motor large to reduce the driving force of the motor, and,
at the time of rated rotation, the rotation can continue with
the dniving force corresponding to the friction loss (several
watts) of the bearings. Consequently, the motor of this
embodiment can achieve the same functions and effects as

those of the scanner motor shown in FIG. 8 except that the
starting time is increased.

Furthermore, in such scanner motor of the invention, there
is caused no deterioration of the accuracy of rotation attrib-
utable to the thermal factor as described above and, in
addition, the rotary polygon mirror is hardly effected by the
fluid force; therefore, it is possible to achieve the rotation
with high accuracy, with the result that high speed printing
and hghly fine picture can be obtained in the laser beam
printer using the scanner motor of the present invention.

We claim:

1. A polygon mirror motor including a stator, a rotor,
stator coils and radial bearings provided on said stator, said
rotor including a rotor shaft, a collar provided on said rotor
shaft, and a motor magnet and a polygon mirror provided on
sald collar, said motor magnet and said stator coils being
disposed to face each other, said radial bearings being slide
bearings and rotatably supporting said rotor shaft, and
wherein a magnetic fluid is applied as a lubricating oil for
lubricating sliding surfaces between said radial bearings and
said rotor shaft, and said motor further including a magnetic
fluid seal in the form of a permanent magnet which is
disposed to surround the outer periphery of said rotor shaft,
and wherein said collar 1s formed of a material having a
greater coefficient of thermal expansion than that of said
rotor shaft with said collar being joined to said rotor shaft by
heat shrinkage fit, and said rotor further comprising a
magnetic thrust bearing for restricting movements of said
rotor in a thrust direction, said magnetic thrust bearing
comprising a stator thrust magnet and a rotor thrust magnet,
said stator thrust magnet being provided on said stator and
said rotor thrust magnet being provided on said rotor, and
said stator thrust magnet and said rotor thrust magnetic
being disposed to face each other, in a direction perpendicu-
lar to the axial direction of said rotor shaft, whereby said
polygon mirror motor rotates during operation with rela-
tively low vibration and relatively low irregularity of rota-
tion. |

2. A polygon mirror motor according to claim 1, wherein
said motor magnet and said stator coils are disposed to face
each other in a direction along the axial direction of said
rofor shatt.

3. A polygon mirror motor according to claim 1, wherein
said rotor thrust magnet is provided on the outer periphery

of said rotor, and said stator thrust magnet provided on said
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stator 1s disposed such that the inner periphery of said stator
thrust magnet faces the outer periphery of said rotor thrust
magnet.

4. A polygon mirror motor according to claim 1, wherein
sald rotor thrust magnet and said stator thrust magnet are
formed to be ring-shaped, and are disposed in a concentric
relationship with said rotor shaft. |

5. A polygon mirror motor according to claim 1, wherein
said rotor shaft is formed of stainless steel and said collar is
formed of aluminum or aluminum alloy, and wherein said
polygon mirror is formed separately from said collar and is
mounted and secured to said collar by means of fastener
means.

6. A polygon mirror motor according to claim 1, wherein
said slide bearings rotatably support said rotor shaft with a
clearance of less than or equal to about 5 um.

7. A polygon mirror motor including a stator, a rotor,
stator coils and radial bearings provided on said stator, and
rotor 1ncluding a rotor shaft, a collar provided on said rotor
shaft, and a motor magnet and a polygon mirror provided on
said collar, said motor magnet and said stator coils being
disposed to face each other, said radial bearings being slide
bearings and rotatably supporting said rotor shaft, and
wherein a magnetic fluid is applied as a lubricating oil for
lubricating sliding surfaces between said radial bearings and
said rotor shaft, and said motor further including a magnetic
fluid seal in the form of a permanent magnet which is
disposed to surround the outer periphery of said rotor shaft,
and wherein said collar is formed of a material having a
greater coefficient of thermal expansion than that of said
rotor shaft and said motor magnet is formed of a material
having a greater coefficient of thermal expansion than that of
said collar with said collar joined to said rotor shaft by heat
shrinkage fit and said motor magnet joined to said collar by
heat shrinkage fit, and said rotor further comprising a
magnetic thrust bearing for restricting movements of said
rotor in a thrust direction, said magnetic thrust bearing
comprising a stator thrust magnet and a rotor thrust magnet,
said stator thrust magnet being provided on said stator, said
rotor thrust magnet being provided on said rotor and said
thrust magnets being disposed to face each other in a
direction perpendicular to the axial direction of said rotor
shaft, whereby said polygon mirror motor rotates during
operation with relatively low vibration and relatively low
irregularity of rotation as.

8. A polygon mirror motor according to claim 7, wherein
said rotor shaft is formed of a stainless steel, said collar is
formed of aluminum or aluminum alloy, and said motor
magnet is a plastic magnet.

9. A polygon mirror motor according to claim 7, wherein
a surface where said motor magnet is joined to said collar by
heat shrinkage fit is disposed on the inner periphery of said
motor magnet.

10. A polygon mirror motor according to claim 7, wherein
said motor magnet is cylindrical-shaped, a surface where
said motor magnet is joined to said collar by heat shrinkage
fit 1s disposed on the inner periphery of said motor magnet,
and the outer periphery of said motor magnet faces the inner
periphery of said stator coils, and wherein said rotor thrust
magnet is provided on the outer periphery of said rotor, and
said stator thrust magnet provided on said stator is disposed
such that the inner periphery of said stator thrust magnet
faces the outer periphery of said rotor thrust magnet.

11. A polygon mirror motor according to claim 7, wherein
said slide bearings rotatably support said rotor shaft with a
clearance of less than or equal to about 5 pm.

12. A polygon mirror motor including a stator, a rotor,
stator coils and radial bearings provided on said stator, said
rotor including a rotor shaft, a collar provided on said rotor
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shaft, and a motor magnet provided on said collar, said
motor magnet and said stator coils being disposed to face
each other, said radial bearings being slide bearings and
rotatably supporting said rotor shaft, and wherein a magnetic
fluid 1s applied as a lubricating oil for lubricating sliding
- surfaces between said radial bearings and said rotor shaft,
and said motor further including a magnetic fluid seal in the
form of a permanent magnet which is disposed to surround
the outer periphery of said rotor shaft, and wherein said

collar 1s formed of a material having a greater coefficient of 10

thermal expansion than that of said rotor shaft with said
collar being joined to said rotor shaft by heat shrinkage fit,
and said motor further comprising a magnetic thrust bearing
for restricting movements of said rotor in a thrust direction,

12

- said magnetic thrust bearing comprising a stator thrust

magnet and a rotor thrust magnet, said stator thrust magnet
being provided on said stator, said rotor thrust magnet being
provided on said rotor, and said thrust magnets being dis-
posed to face each other in a direction perpendicular to the
axial direction of said rotor shaft, whereby said polygon
mirror motor rotates during operation with relatively low
vibration and relatively low wuregularity of rotation as.

13. A polygon mirror motor according to claim 12,
wherein said slide bearings rotatably support said rotor shaft
with a clearance of less than or equal to about 5 pm.
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